The Killingbeck potential consists of oscillator potential plus Cornell potential, i.e. ar 2 +
Introduction

29
Solutions of fundamental dynamical equations are of great interest in many fields of physics and chemistry. The exact solutions of the SE are possible only for a 31 few potentials. In this regards, the exact solutions of the SE for a hydrogen atom (Coulombic) and a harmonic oscillator represent two typical examples in quantum 33 mechanics.
1-5 SE has been solved with different potentials and methods.
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Influence of External Fields on the Killingbeck Potential
where the vector potential A may be represented as a sum of two terms, A = A 1 + A 2 such that ∇ × A 1 = B and ∇ × A 2 = 0 where B = Bẑ is the applied magnetic field, and A 2 describes the additional magnetic flux Φ AB created by a solenoid. Hence, the vector potentials have the following azimuthal components 39-42
We use the 2D cylindrical wave function as
where m is the magnetic quantum number. Substituting the wave function (4) and Killingbeck potential (1) into the SE (2), we obtain a second order differential equation satisfying the radial part of the wave function; namely R(r) in units = c = 1,
where
and
It is worth noting that ξ is taken as an integer with the flux quantum Φ 0 and ω c 1 is the cyclotron frequency. The AB flux field inside solenoid adds a new quantum number in the present model. In developing a solution to Eq. (5), we start with the following choice of the wave function in the form
where the functions f n (r) in above equation assigns the number of nodes to the wave function and is defined by
Further, the function g m (r) should be in the form
with p, q and δ as positive parameters whose values are to be determined in terms of potential parameters a, b and c. The wave function (8) satisfies the usual asymptotic requirements and the finiteness at the origin and infinity for the bound state, i.e. we require R(0) = 0 and R(∞) → 0. So, by Eq. (8), we obtain
For case n = 0, substituting f 0 (r) and g m (r) in the above equation and comparing the obtained equation with Eq. (5) leads to
By equating the corresponding powers of r on Eq. (12), one can obtain
To have well-behaved solutions at boundaries, namely the origin (r = 0) and infinity (r → ∞), we can conveniently obtain, from Eqs. (13b) and (13c), the wave function Ansatz parameters as δ = |m | + 1 2 and p = ( μωc 2 ) 2 + 2μa > 0, respectively. Therefore, from (13d) and (13e), one can obtain restriction on the potential param-
. Finally, the ground state energy eigenvalues formula is found via Eqs. (13a), (6) and (7) as
Some numerical results are shown in Figs. 1 and 2. We use parameter set as: a = quantum number and the presence of magnetic field affects only oscillator frequency 1 in the system. Finally, the normalized eigenfunctions are given as
where N 0m is the normalization factor. It is obvious from above result that 3 ψ 0m (r → ∞, φ) → 0 and ψ 0m (0, φ) = 0.
In the presence of external magnetic and AB flux fields, when a = μω 2 /2 and b = c = 0, we obtain via Eq. (14) the energy spectrum formula for harmonic oscillator is 
Some Special Cases without External Fields
1
In this section, we will find the energy levels in absence of external magnetic and AB flux fields and the energy levels in 3D. Coulomb and harmonic oscillator are 3 two special cases to see the accuracy of our results. First, in the absence of external magnetic fields, i.e. B = Φ AB = 0, the energy equation (14) reduces to
Second, above energy equation reduces to 3D space if one replaces m by l + 1/2 as 37, 43 ,44
It is to be noted that the above analytical result reduces to the result in Ref. 44 5 when one is replacing n = 0 and N = 3 in Eq. (29). It can also be reduced into the existing literature results. 45-47 when n → 0 and μ = 1.
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The comparison of the eigenvalues E 0l (in a.u., = 2μ = 1) between this work and the analytical results from Refs. 29 and 31 treated by the power series method, 9 the supersymmetric perturbation theory and differential quadratic method, respectively, is listed in Tables 1 and 3 . In the light of this, we observe that the results Third, when potential constant a = b = 0, the Killingbeck potential reduces to the Coulomb potential and its energy levels become as
Finally, when potential parameters b = c = 0, the Killingbeck potential reduces to the harmonic oscillator potential and its energy levels turns out to be 1,2,40
where we put a = 
Conclusions and Remarks
By using the wave function Ansatz method, we investigated the ground states 
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